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Because comprehensive normal data and the effect of
observer variability for echocardiographic evaluation of
regional left ventricular wall motion are not available in
children or newborns, left ventricular wall motion was
assessed by measuring regional area change. The study
group comprised 55 infants and children with a normal
heart: 15 neonates (>1 week to <1 month old), 10 infants
(>1 month to <1 year old) and 30 children, 10 each in the
age group>1 year to <5 years, >5 to ::::;10 years and>10
years. A combination of parasternal, apical and subcostal
two-dimensional echocardiographic views was applied. Af-
ter planimetry of an end-systolic and end-diastolic frame,
the left ventricle was divided into eight equal segments and
the percent area change calculated. Both a fixed reference
and a floating system correcting for translation and rotation
were applied.
Two-dimensional echocardiography is a well established
technique for the evaluation of regional left ventricular
contraction abnormalities in adults (1-3). To date, this
technique has had little application in the pediatric age group
(4-6). However, the effects of myocardial ischemia are
being encountered more frequently in the setting of Ka-
wasaki disease (6), coronary artery surgery for transposition
of the great arteries (7) on anomalous left coronary artery
from the pulmonary trunk (4). Although normal data are
available for adult patients (3), it is unclear whether these
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Intraobserver variability for percent area change mea-
surements was 2.8 ± 0.9% and 3.8 ± 1% for observers 1
and 2, respectively. The mean interobserver difference of
regional percent area change was 4.7 ± 1.8%. Normal
values for the eight anatomic segments were established
in each echocardiographic imaging plane. The overall
results were independent of the type of reference system
utilized. The subcostal views yielded different results
from their parasternal counterparts, probably because
of differing imaging planes. These normal values estab-
lish a data base in the pediatric age range that can be
used to detect abnormal segments in children at risk for
developing regional left ventricular wall motion abnormal-
ities.
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can be applied to the pediatric age group, which encom-
passes a larger range of age and body surface area. Thus far,
analysis in the pediatric age group has been limited to
assessment from the subcostal view, evaluating only the
papillary muscle and long-axis planes (8). Attention to infor-
mation obtained from the precordium is unavailable, as is
comparison of the fixed and floating reference systems.
The purpose of this study was first to establish normal
values for regional left ventricular wall motion in neonates
from a variety of imaging planes after 5 days of life, when left
ventricular distortion due to septal flattening has resolved.
Second, we attempted to obtain normal data for infants and
children from standard precordial views. In addition, a fixed
external and floating reference system (2,9) for measure-
ments of regional area change were compared.
Methods
Patient characteristics (Table 1). The study consisted of
73 children with a normal heart, who had been referred for
assessment of a cardiac murmur. Of these 73 subjects, 55
0735-1097/90/$3.50
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Table 1. Clinical Data in 55 Normal Infants and Children for Analysis of Wall Motion
Body
Weight Height Surface Heart Rate
Age (kg) (em) Area (m2) (beats/min)
Newborns (n = 15) 17 ± 9 days 3.8 ± I 51 ± 4 0.23 ± 0.04 150 ± 25
Infants (n = 10) 5.8 :!: 3 mo 7.4 ± 2 65 ± 6 0.37 ± 0.04 126 ± 28
Children
1to 5 years (n = 10) 3.4 ± 1.7 yr 14 ± 4 90 ± 18 0.6 ± 0.17 93 ± 14
5 to 10 years (n = 10) 7.4 ± 1.7 yr 29 ± 7 123 ± 17 1.0±0.16 78 ± 15
>10 years (n = 10) 13.9 ± 2.7 yr 53 ± 17 162 ± 9 1.47 ± 0.23 64 ± 9
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were chosen for analysis if their echocardiographic exami-
nation clearly defined the endocardium of the left ventricle
throughout systole and diastole in all imaging planes. The 55
patients were arbitrarily classified into five groups according
to age. The groups chosen were I) 15 neonates> I week < I
month, 2) 10 infants> 1 month < 1 year, 3) 10 > 1 year <5
years,4) 10 children >5 and $10 years, and 5) 10 children
> 10 years. The clinical data from these five groups are listed
in Table 1. Routine sedation with chloral hydrate (50 mg/kg
body weight) was necessary for the younger patients who
were not able to cooperate. Because these children had been
referred for cardiac evaluation, human ethics approval was
not deemed necessary.
Echocardiography. Commercially available equipment
was used for the echocardiograms, which were obtained
with either a 3.5,5 or 7.5 MHz transducer. The images were
recorded on 1/2 in. (1.27 cm) super VHS or 3/4 in. (1.9 cm)
videocassette tape. For the 40 infants and children, the
standard parasternal short-axis and apical four chamber
views were used for wall motion analysis. In the parasternal
short-axis view, wall motion was evaluated at the mitral
valve level, midpapillary muscle level and apical level (de-
fined as the region just inferior to the papillary muscles),
whereas only one plane was used in the apical four chamber
view. For the 15 newborns, the subcostal short-axis and the
subcostal four chamber views were included, in addition to
the standard precordial and apical views. The subcostal
short-axis plane at the papillary muscle level was the only
one where the left ventricular endocardium could be con-
stantly identified during both systole and diastole. The
subcostal mitral valve plane was discarded because the
transducer had to be angled superiorly from the papillary
muscle level, such that the ultrasound beam transected that
level obliquely. The resulting image invariably included the
mitral valve ring as part of its boundary. The subcostal
short-axis apical view was also discarded because the image
was invariably too small to analyze and likewise transected
the ventricle obliquely.
Wall motion analysis was performed with use ofa Symtec
PGS system interfaced with an IBM XT personal computer.
Additional software, which was written at our institution,
enabled us to use a fixed and floating wall motion analysis
system. End-diastolic and end-systolic frames were selected
as the ones showing the largest and smallest left ventricular
cross-sectional area, respectively. The endocardial borders
of these frames were traced by hand through the use of a
light pen connected to a digitizing tablet that was interfaced
with a TV monitor. Papillary muscles were excluded from
the tracing.
For the fixed system (2,9), an end-diastolic and end-
systolic frame were planimetered separately. The center of
mass was then calculated for each frame with use of a
previously published fonnula (5). A reference line was
drawn connecting the center of mass with an outside refer-
ence point represented by the junction of the septal tricuspid
leaflet with the interventricular septum. The frame was then
divided into eight equal radial segments starting in a clock-
wise fashion from the reference line (Fig. I). With the
floating system (2,3), the technique of planimetry and divi-
sion was identical; however, the centers of mass were
superimposed and the reference lines aligned to correct for
translation and rotation.
The regional area change for each segment was mea-
sured as {(diastolic area - systolic areal/diastolic area] X
100. A previously described left ventricular segmental sys-
tem was used (10) for appropriate spatial nomenclature of
the individual segments at the mitral valve (basal segments),
papillary muscle (midventricular segments) and apical levels
and in the four chamber view (Fig. 1).
Inter- and intraobserver variability. Two independent
observers (M. V. and 1.1.S.) performed the measurements in
10 newborns and 15 children among the 55 study subjects.
Three successive separate end-systolic and end-diastolic
frames were measured from all subjects in each echocardio-
graphic plane by each observer. Both observers measured
the same end-systolic and end-diastolic frames twice. Thus,
from any individual plane, we obtained 12 measurements (3
measurements per plane from each observer x 2 measure-
ments per observer x 2 observers). Intra- and interobserver
variability for the percent regional area change was deter-
mined by dividing the difference between observers by the
mean of their observations. Normal data were established by
the measurement obtained in all 55 normal subjects at three
consecutive heart cycles by one observer (M.V.).
lACC Vol. 15, No.6
May 1990:1409-16
VOGEL ET AL.
ECHOCARDIOGRAPHY OF NORMAL WALL MOTION IN CHILDREN
1411
Figure 1. Anatomic segments in the apical parasternal four chamber
view after division of the left ventricle into eight segments in a
clockwise fashion starting from the thick reference line.
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Figures in parentheses indicate range. ant = anterior; inf = inferior.
Table 2. Mean Difference in Percent Area Change Between Two
Observers for Different Segments in Older Children and
Newborns at the Mitral Valve Level
Analysis of data. Intraobserver variability was deter-
mined by comparing the mean percent area change between
the first and second measurements for each plane. Interob-
server variability was assessed by comparing the mean
percent area change of all values from the first and second
measurements for each plane. Student's t test for paired data
was applied for comparison of these data, with a p value
<0.05 being considered significant.
Results
Observer variability. The intraobserver variability for all
echocardiographic planes was not significant. The mean
variability in area change measurement for observer I
(1.I.S.) was 2.8 ± 0.9% and 3.8 ± 1% for observer 2 (M. Y.).
The mean interobserver variability for percent area change
for all different echocardiographic planes was 4.7 ± 1.8%.
Table 2 is an example of the variability in percent area
Normal Values
Short-axis view. Mitral valve level. The regional left
ventricular contractility was independent of the type of
system used. The pattern of segmental contraction, which
was independent of heart rate, appeared similar for all age
groups. Figure 2 demonstrates the regional wall motion
values in all 55 study subjects as assessed by the floating
system. The mean and 95% confidence limits for each
segment in the different age groups are shown in Table 3.
Papillary muscle level. Likewise, the precordial short-
axis view at the papillary muscle level yielded similar results
to its mitral valve counterpart. The normal values for the
anatomic segments in all 55 subjects are shown in Figure 3.
The individual values for each age group are shown in Table
4. A difference was observed between the subcostal and
precordial views in the 15 newborns with regard to the
pattern of contraction and the percent area change (Fig. 4).
Apical level. At this level, the percent area change was
marginally greater in newborns than in the older subjects,
although the difference was not significant. As with the other
levels, no difference was observed between either the fixed
or the floating system. Normal values for all 55 subjects are
Figure 2. Mean percent area change and 95% confidence limits at
the mitral valve level from the parasternal short-axis view obtained
with use of the floating reference system in all 55 subjects. ANT =
anterior; INF = inferior; LAT = lateral; POST = posterior.
change measurements between observers 1 and 2 obtained
with a fixed system at the mitral valve level in 15 older
children and 10 neonates for each anatomic segment. For
this particular imaging plane, the interobserver variability
was significantly higher in the older patients (4.8 ± 1.8%)
versus that in the newborns (3.7 ± 0.9%) (p < 0.05). In the
other imaging planes, this difference was not observed.
4.8 ± 3 (1.5-11.5)
2.7 ± 2.2 (0-10.2)
2.4 ± 2 (0.9-12.5)
3.5 ± 4.2 (0.9-6.5)
3.5 ± 3.3 (0.6-12.4)
3.4 ± 2.3 (0.9-7.8)
5 ± 3.8 (0-11.2)
4.3 ± 4.8 (0.4-18.1)
3.7 ± 0.9
I
10 Newborns
(%)
p < 0.05
15 Older Children
(%)
4.3 ± 3.5 (0.06-9.7)
5.7 ± 2.4 (0.8-13)
5 ± 3 (0.2-14)
4.2 ± 2 (1.2-8)
5 ± 3.7 (0-11.9)
4.3 ± 3.5 (0-11.8)
4.6 ± 3.4 (0.4-11.2)
4.9 ± 3.5 (1.8-12.9)
4.8 ± 1.8
I
Segment
Inferior base
Basilar inf septum
Basilar septum
Basilar ant septum
Anterior base
Lateral base
Posterolateral base
Posteroinferior base
All segments
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Table 3. Percent Regional Area Changes at the Mitral Valve Level for Eight Anatomic Segments
Age
U 67.0 65.2 64.6 65.7 65.8 64.9 65.3 65.8
>10 years M 65.3 63.3 62.5 64.2 64.2 62.8 63.2 64.0
L 63.6 61.4 60.4 62.6 62.6 60.8 61.1 62.2
U 64.9 65.7 65.7 63.6 64.7 65.1 65.6 65.0
5 to 10 years M 63.2 64.2 64.1 62.1 63.1 63.4 63.9 63.3
L 61.4 62.6 62.5 60.6 61.5 61.7 62.2 61.6
U 66.2 66.5 66.1 65.4 66.1 66.3 65.9 65.3
I year to 5 years M 64.5 64.7 64.3 63.4 64.3 64.4 64.2 63.4
L 62.8 62.9 62.4 61.4 62.5 62.5 62.3 61.4
U 64.5 65.9 65.4 63.3 64.8 65.5 66.4 64.4
I month to I year M 62.5 63.9 63.3 61.3 62.8 63.6 64.2 62.2
L 60.5 61.9 61.2 59.3 60.8 61.8 61.9 59.9
U 65.7 65.7 64.2 64.3 66.1 65.5 64.2 64.6
I week to 1 month M 63.8 63.6 62.1 62.7 64.2 63.4 62.2 62.8
L 62.1 61.5 60.1 61.0 62.4 61.3 60.2 61.1
2 3 4 5 6 7 8
Inf lnf Ant Ant Lat Post lnf
Base Lat Lat
I
Basilar Base
Septum
Ant = anterior; lnf = inferior; L = lower 95% confidence limits; Lat = lateral; M = mean; Post = posterior;
U = upper.
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shown in Figure 5; Table 5 shows the results for each age
group.
Four chamber view. There was no difference between the
fixed or floating systems for either the subcostal or the apical
views. Figure 6 illustrates normal data from all 55 subjects
for the apical parasternal four chamber view. Table 6 shows
the results for each age group. In the neonates, a difference
in the anterolateral segments was observed (Fig. 7) between
the subcostal and parasternal views.
Figure 3. Mean percent area change and 95% confidence limits at
the papillary muscle level from the parasternal short-axis view
obtained with use of the floating reference system in all 55 subjects.
Abbreviations as in Figure 2.
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Discussion
Observer Variability
Inter- and intraobserver variability appeared to have only
a minimal effect on the results. The percent variance was
less than previously reported in studies of adults (2,3) and
may in part be related to the excellent endocardial bound-
aries that the examiners are presented with. The choice of
super VHS or 3/4 in. (1.9 cm) videocassette tape, each of
which has a greater line density than standard 1/2 in. (1.27
cm) tape, also ensures an excellent image for off-line analy-
sis. Similarly, we selected only 55 of the original 73 subjects
on the basis of the quality of their studies. It was not possible
to test the variance from day to day because the logistic
problems related to resedating normal children.
Technique of wall motion analysis. Ideally, percent thick-
ening of the myocardium (10) is a more sensitive technique
than analyzing percent area change, because it is indepen-
dent of movement of the heart. However, there are major
limitations with this approach as a result of 1) the lack of
another imaging system to correlate the results with (11), and
2) related problems associated with identification of the
JACC Vol. 15, No.6
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Table 4. Percent Regional Area Changes at the Papillary Muscle Level for Eight
Anatomic Segments
Age
U 69.5 68,6 68.2 67.7 67,9 68.5 68.9 68.4
>10 years M 67.4 66.3 66.0 65.9 65.7 66.2 66.9 66.3
L 65.3 64.1 63.8 64.0 63.5 63.9 64.8 64.3
U 67.1 66.4 66.6 66.7 67.2 66.7 67.8 66.4
5 to 10 years M 65.4 64.8 65.6 64.9 65.3 64.7 66.1 64.6
L 63.8 63.2 62.5 63.1 63.3 62.7 64.3 62.8
U 70.9 69.8 68.8 68.6 69.2 69.7 69.2 68.4
I year to 5 years M 69.0 67.9 67.0 66.7 67.3 67.7 67.5 66.4
L 67.1 66.2 65.2 64.9 65.5 65.6 65.8 64.4
U 70.9 69.6 67.8 68.7 70.1 69.8 68.4 69.2
I month to I year M 68.3 67.2 65.7 66.2 67.6 67.3 63.9 66.9
L 65.8 64.8 63.5 63.7 65.0 64.7 59.4 64.6
U 67.7 67.9 65.9 65.8 67.9 67.8 61.0 65.9
I week to I month M 65.9 66.2 64.2 64.1 66.1 66.1 64.2 64.2
L 64.1 64.5 62.6 62.4 64.3 64.5 62.3 62.5
2 4 5 6 7 8
Inf lnf Ant Ant Lat Post lnf
Wall Lat Lat
Septum Wall
Abbreviations as in Table 3.
Figure 4. Comparison of mean percent area change and 95% confi-
dence limits for the eight anatomic segments at the papillary muscle
level from the parasternal short-axis and subcostal views in 15
newborns. Abbreviations as in Figure 2.
have a slight advantage over the radial technique, particu-
larly because the angle between the subdivisions increases
(11). Although some investigators (2) have recommended
using angles between SO and 30° for sampling, we chose the
I
WAll
ANT ANT LAT POST INF
LAT POST
I
SEPTUM
INF INF
WAll
68
67
(PRECORDIUM)
(o:l 66
t:l
~ 65
U
6-1
0(
~ 63
~ 620
61
60
epicardium (10). The technique ofendocardial excursion was
chosen for evaluation of regional left ventricular wall motion
as it relies on a readily defined interface. Similarly, the
endocardium is readily measured around the entire circum-
ference of the ventricle (3,10). This technique can also be
correlated with other imaging modalities (10). The disadvan-
tages lie in its dependence on detecting the centroid and the
effect of translation and rotation (3,11,12), Despite this, our
results demonstrated only a minimal effect of translation and
rotation on the various segments, with the exception being
noted at the apical level in the older group. Our results
correspond with previously published adult data (10-12), but
results in adults may not necessarily apply to the pathologic
state in children. Similarly, the width of the 95% confidence
limits did not appear to be affected by the type of system
used. This observation differs slightly from results in adult
studies (2,3), which have demonstrated a variation in the
95% confidence limits and a significant effect of correcting
for translation and rotation.
In keeping with other data (13), a variation in the con-
traction pattern was found in different segments. Although
this variation probably represents a true regional difference,
it theoretically could be related to technical difficulties in
identifying the endocardium throughout its entirety. This,
however, is less likely in our pediatric subjects in whom
optimal images from high frequency transducers could be
obtained.
The area method for analyzing the segments appears to
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Figure 5. Mean percent area change and 95% confidence limits for
the eight anatomic segments at the apical level from the parasternal
short-axis view obtained with the floating system in all 55 subjects.
Abbreviations as in Figure 2.
octant system for two reasons: 1) it is impractical to divide
the smaller heart into more segments, and 2) this system
seems to have provided very reproducible results in previous
studies (3).
Figure 6. Mean percent area change and 95% confidence limits for
the eight anatomic segments at the apical level from the parasternal
apical four chamber view in older children and newborns. Abbrevi-
ations as in Figure 2.
Imaging planes. Because the subcostal position provides
excellent images in the younger patient, it was somewhat
disappointing that a limited application for the short-axis
planes was found. The results at the papillary muscle level
Table 5. Percent Regional Area Changes at the Apical Level in Short-Axis View
Age
U 62.9 62.7 62.6 63.0 62.8 62.9 63.4 62.3
>10 years M 60.7 60.6 60.4 61.0 60.8 60.6 61.2 60.3
L 58.6 58.6 58.2 59.1 58.8 58.2 58.9 58.2
U 63.9 63.4 63.5 63.4 64.9 63.9 63.4 63.9
5 to 10 years M 61.9 61.0 61.3 61.5 62.7 61.1 60.8 62.1
L 59.8 58.6 59.1 59.6 60.5 58.4 58.2 60.3
U 59.5 61.7 60.9 60.3 60.4 61.5 61.3 60.3
I year to 5 years M 57.4 59.6 58.9 58.3 58.3 59.0 59.3 58.2
L 55.4 57.5 56.7 56.4 56.2 56.6 57.3 56.1
U 63.9 64.7 63.2 62.5 63.8 64.4 63.2 63.0
I month to I year M 61.4 62.3 61.0 60.4 61.4 62.1 61.2 60.5
L 58.9 59.8 58.8 58.3 59.0 59.9 59.2 58.0
U 63.8 64.6 64.2 63.2 63.2 64.6 63.9 62.5
I week to I month M 60.8 61.8 60.9 60.4 60.2 61.7 60.7 59.6
L 57.9 58.9 57.5 57.6 57.2 58.8 57.5 56.8
2 4 5 6 7 8
I I
Inf Apex Septal Apex Ant Apex Lat Apex
Abbreviations as in Table 3.
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Table 6. Percent Regional Area Changes at the Apical Level in the Parasternal Four
Chamber View
Age
Mitral Valve -
>10 years
5 to 10 years
I year to 5 years
I month to I year
I week to I month
U 51.5 52.0 51.9
M 48.3 49.3 48.1
L 45.1 46.6 44.3
U 49.4 51.4 49.9
M 46.2 47.6 45.7
L 43.1 43.9 41.5
U 51.0 54.6 51.8
M 48.1 51.6 48.6
L 45.2 48.5 45.3
U 49.8 51.5 54.6
M 47.4 48.3 51.0
L 45.0 45.2 47.7
U 50.3 50.6 51.3
M 47.8 47.9 48.1
L 45.3 45.3 44.9
2
Ant
56.8 52.7 51.5 56.7 54.9
54.0 49.0 48.3 53.9 52.1
51.2 45.3 45.2 51.1 49.3
56.5 53.7 52.6 55.1 55.3
53.9 50.3 48.8 51.6 52.5
51.3 46.9 45.0 48.1 49.7
56.4 53.8 52.6 56.1 55.5
53.4 50.7 49.9 53.0 52.1
50.5 47.7 47.1 49.8 48.7
54.9 51.6 52.8 54.9 56.7
52.5 48.2 49.7 51.8 53.9
50.1 44.9 46.7 48.7 51.1
55.8 52.7 50.7 55.2 55.1
53.2 50.7 47.6 52.5 53.3
50.6 48.6 44.5 49.8 5\.6
4 6 7 8
Inf Apex Inf
Lateral Wall Septum
Abbreviations as in Table 3.
Figure 7. Mean percent area change and 95% confidence limits for
the eight anatomic segments at the apical level from the subcostal
four chamber view in 15 newborns. Abbreviations as in Figure 2.
obtained with the two views differed (Fig. 4). Those differ-
ences may be related to the fact that from the subcostal
view, the segments analyzed lie in a slightly different plane
from their precordial counterparts, such that the anatomic
cut is not perpendicular throughout the whole cardiac cycle.
Variations in results at different ages. The overall percent
area change for the age groups in this study are greater than
those reported in adults (2,3). This may in part be related to
the higher rest heart rate in the pediatric age group. Inter-
estingly, within our study group, the percent area change
was similar for the older age group and the newborns in all
imaging planes, despite a theoretic difference in myocardial
structure (14). This finding may in part be due to the higher
heart rate in newborns, who tend to increase cardiac output
by heart rate rather than an increase in stroke volume (14).
These differences are important when considering the poten-
tial application of this technique in patients with contraction
abnormalities. It is obvious that normal values for one
pediatric age group cannot necessarily be applied to another.
In the neonate, this pertains even to the first few days of life,
as the pattern of contraction is different between days 1and
5 (8). Likewise, only comparison with identical views should
be attempted, because similar cuts from different positions
may produce slightly different anatomic segments (Fig. 5and
7).
Limitations. The choice of analyzing dimensions only
during end-systole and end-diastole carries the risk of miss-
ing abnormalities that occur throughout systole (15). As in
other studies (9), enlarging the period for analysis appears
impractical without the capabilities of automated edge de-
tection. Although inter- and intraobserver variability ap-
SEPTUM
ANT INF APEX INF
I
LATERAL WALLMITRAL
VALVE
59-
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peared to have only minimal effect on the results when tested
on one day, we did not explore the possibility of variance
from one day to another (16).
Conclusions. This study provides a data base for segmen-
tal wall motion analysis in pediatric patients. It stresses the
need to compare data in individual patients with values from
this age group, rather than by extrapolating data from adults.
Similarly, attention should be paid to the exact imaging plane
used when comparing studies.
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